Objective -To investigate the use of computer models as tools for policy makers in evaluating physical activity interventions aimed at reducing deaths from coronary heart disease (CHD). Design -The cell-based computer model Prevent, adapted to simulate risk factor interventions for an English and Welsh population, was used to simulate the effect of two strategies for increasing physical activity levels in respect of CHD mortality over 25 years. The first strategy involved a 25% increase in the proportion of 15-64 year olds who were moderately active, while the second strategy involved a similar increase in the proportion who were vigorously active. The effects of focusing on narrower age ranges and on people at different initial activity levels were also explored. Main results -The simulations showed a small reduction in the CHD death ratesless than 0.15% and 0.06% for men and women respectively. The strategies would postpone up to 12 100 deaths over 25 years, comparable to the effect of a 2% reduction in smoking prevalence. The strategies seemed as if they would be more effective if they concentrated on men rather than women, on those over 45 years of age as opposed to all or younger age groups, and on the least active members of the population rather than those already taking some exercise. Conclusion -The use of computer modelling for simulating physical activity strategies has shown that concentrating these interventions on older sedentary men will produce the greatest health gain, but efforts to encourage smoking cessation may be more effective in terms of years of life saved. (Jt Epidemiol Community Health 1997;51: 144-150) It is often difficult to evaluate the effectiveness of health promotion interventions by experimental or observational methods since the time scales necessary are too long. An interim solution is to use computer models which will simulate the effects of different interventions within a population, using available data on risk factor prevalence and the attributable risks of disease mortality, and projecting the results over several generations. Such models are potentially useful in assessing and comparing the relative health gain of alternative intervention strategies. This is a new methodology, and this work should be seen as an early step in attempting to explore the application of these techniques.
Prevent, adapted to simulate risk factor interventions for an English and Welsh population, was used to simulate the effect of two strategies for increasing physical activity levels in respect of CHD mortality over 25 years. The first strategy involved a 25% increase in the proportion of 15-64 year olds who were moderately active, while the second strategy involved a similar increase in the proportion who were vigorously active. The effects of focusing on narrower age ranges and on people at different initial activity levels were also explored. Main results -The simulations showed a small reduction in the CHD death ratesless than 0.15% and 0.06% for men and women respectively. The strategies would postpone up to 12 100 deaths over 25 years, comparable to the effect of a 2% reduction in smoking prevalence. The strategies seemed as if they would be more effective if they concentrated on men rather than women, on those over 45 years of age as opposed to all or younger age groups, and on the least active members of the population rather than those already taking some exercise. Conclusion -The use of computer modelling for simulating physical activity strategies has shown that concentrating these interventions on older sedentary men will produce the greatest health gain, but efforts to encourage smoking cessation may be more effective in terms of years of life saved.
(Jt Epidemiol Community Health 1997;51: [144] [145] [146] [147] [148] [149] [150] It is often difficult to evaluate the effectiveness of health promotion interventions by experimental or observational methods since the time scales necessary are too long. An interim solution is to use computer models which will simulate the effects of different interventions within a population, using available data on risk factor prevalence and the attributable risks of disease mortality, and projecting the results over several generations. Such models are potentially useful in assessing and comparing the relative health gain of alternative intervention strategies. This is a new methodology, and this work should be seen as an early step in attempting to explore the application of these techniques.
Lack of physical activity has been shown to be a strong independent risk factor' for death from coronary heart disease (CHD). In a metaanalysis, Berlin and be an important cause of CHD mortality. The promotion of physical activity is currently the focus of discussion.4 The number of "prescription for exercise" schemes, in which general practice patients are given free or reduced entrance to exercise facilities, is growing rapidly.
The Government's white paper The Health of the Nation5 in 1992 introduced targets for the reduction in the death rates for CHD. It is not clear how the promotion ofphysical activity could most effectively contribute to these targets. To contribute to the debate we have modelled the effects of increasing activity in the population, looking at the effects of targeting differing exercise levels, age and gender groups.
This work was undertaken as part of the health gain project, funded jointly by the Health Education Authority and North Thames Regional Health Authority, which aims to provide policy makers with predictions of the effects of changing resource priorities, simulating the effect of shifts in resource allocation using computer modelling. We have used Prevent to simulate proposed changes for the English and Welsh population, modelling the hypotheses of a graded effect for the health benefits of physical activity, using high risk and population strategies to achieve the set strategies.
Methods

CURRENT ACTIVITY LEVELS
ADAPTING PREVENT Prevent does not normally include lack of physical activity as a risk factor, therefore the following data were input for the England and Wales population: * Physical activity level categories: sedentary, light, moderate, and vigorous, * Prevalence of physical activity by sex, age groups and activity level, * Relative risk of CHD death due to lack of physical activity by sex, age groups, and activity level, * Two time intervals, the first, LAT, giving the time between taking up physical activity and a person's relative risk begins to decrease, and the second, LAG, giving the time between a person's relative risk beginning to decrease and when it reaches its lowest value for the new level of physical activity, * The remnant relative risk, which is the lowest possible relative risk that an ex-exposed person has after LAT+ LAG time has elapsed on taking up a new level of physical activity.
LACK OF PHYSICAL ACTIVITY AND CHD DEATH RISK
The way in which lack of physical activity affects CHD mortality is not fully understood.
Although it has been shown to be an independent risk factor; the actual mechanism by which risk of CHD death decreases with increased levels of physical activity is not clear. We used the hypothesis that there is an inverse and graded relationship between CHD risk and physical activity, as proposed by Shaper.7
RELATIVE RISKS
The relative risks for CHD mortality due to lack of physical activity were taken from a comprehensive meta-analysis.' No relative risk for light activity was produced in the metaanalysis, so we derived a hypothetical relative will not continue to have a detrimental effect on their health, and that they will take on the relative risk attributed to their current physical activity level.
As our main interest was to investigate how changing a population's physical activity levels might affect its CHD mortality, we chose to assume that physical activity decreased the risk of CHD death only and did not affect other diseases. In addition, we assumed that physical activity did not affect the other risk factors that Prevent includes, such as hypertension, cholesterol, and obesity.
We assumed that the proposed interventions would change an age group's behaviour for the entire simulation period (25 years), so that as cohorts age during the simulation period and move from one age group to the next, some people will take up a new physical activity level which may be at a lower or higher level than the level they achieved in their previous age group.
We have also assumed that any changes in the prevalence of physical activity within the population would be solely as a result of the interventions, and that there would be no background risk factor trends in the populationthat is, without an intervention there would be no change over time in rates of physical activity.
Care While the proportional reduction in the death rate appears disappointing, the actual years of life gained by the year 2019 are not insubstantial (fig 1) . The time trajectory is roughly linear from 1994, showing that the interventions are delaying deaths, although not enough to affect the mortality rate greatly.
There are similar trends for both men and women, although the number of deaths postponed for men is about four times greater than for women. For both the upper and lower estimates strategy 1 is the most effective in achieving life years gained. (Appendix 2, tables 6, 7, and 8 gives the data for the figures).
To examine the differing effect of targeting exercise interventions at various age groups, we modelled the life years gained for each of the two strategies making the assumptions that the strategy would concentrate on the older age groups (45-64 years of age) or on the younger age groups (15-44 years ofage). Figure 2 shows this comparison in men and women in terms of actual years of life gained, using the mean of the two scenarios simulated. For both men and women, the greatest gain can be achieved by concentrating on the oldergroup. Again strategy 1 was the most effective and, as before, there is less gain achievable in women than in men. terventions concentrate on those under 65. The most effective strategy would achieve a 2.6% reduction for men and a 2% reduction for women in CHD mortality up to 65 years. The greater effect of strategy 1 as compared with strategy 2 could be because more people receive the intervention, since 39.3% of the population aged between 15 and 64 are moderately active, while only 10.7% are vigorously active. Increasing each category by 25% results in 49.1% of the population in this age group R undertaking moderate activity and 13.4% undertaking vigorous activity.
The proportion of the population at risk of CHD in the older age group has a significant impact on the relative effectiveness of the interventions by age group. This is emphasised ears and when using attenuated relative risks for the ied relative older age group in the simulation, since the actual years of life gained for this age group still outweighs that for the younger age group, even though the younger age group has higher relative risks. m 15-44
The cirrhosis of the liver, breast cancer, traffic accidents, and accidental falls.
Even if Prevent has underestimated the total gain possible from increasing physical activity, the relative gain of different strategies carries an important message. Our work with Prevent indicates that the greatest health gain can be achieved by concentrating on sedentary people, on older people, and on men. This may seem a contradiction of Rose'sl' argument that preventive strategies which concentrate on a minority at high risk produce less health gain than strategies which intervene across the whole population, since the minority at high risk contribute a small proportion of adverse events. However, the majority of older men (45 plus) do not undertake even moderate exercise, and older men account for about 67% of coronary death under the age of 75. In this case, then, the most effective strategy is the one which concentrates on that section of the population which is contributing the majority of deaths. 
